Introduction {#sec1-1}
============

Yoga is a psycho-somatic-spiritual discipline for achieving union and harmony between our mind, body, and soul and the ultimate union of our individual consciousness with the universal consciousness.\[[@ref1]\] Pranayama is derived from two Sanskrit words, namely, prana, which means vital force or life energy, ayama means to prolong.\[[@ref2]\]

Transcendental meditation (TM) is one of the techniques of meditation, which involves allowing the mind to dwell on a series of words (called a mantra) given by the meditation teacher, with no effort. If the attention wanders it is allowed to wander till it returns to the mantra.\[[@ref2]\]

When a person practices yoga, with yogic attitude (attitude of patience, persistent practice, overcoming obstacles within self, that is, trouncing laziness, anger, delusion, and desire for being different or better than others), there are several changes in physiology.\[[@ref2]\] In order to provide a general overview and understanding, we performed a Medline search to review relevant articles in English literature on physiological effects of yogic practices including pranayama and TM. Data were constructed and issues were reviewed from there.

Schools of Yoga {#sec1-2}
===============

Yoga is not only popular in India but also in Western countries. Example: Hatha yoga has become popular in North America in recent years.\[[@ref3]\] In India, the widely practiced ones are hatha yoga, raja yoga, jnana yoga, integral yoga, karma yoga, bhakti yoga, mantra yoga, kundalini yoga, sahaja yoga, laya yoga, and many more. Hatha yoga includes practice of asanas, pranayamas, and kriyas (purification techniques including breathing cleansing techniques and shatkarmas--six groups of purification practices). Around 900 BC, the ancient sage Patanjali evolved the eight stages of yoga which is called as ashtanga yoga. As such, integral yoga incorporates hatha yoga, meditation, and pranayama. In the Indian subcontinent, integral yoga is also known as yoga of transformation.\[[@ref2]\]

Physiological Basis Underlying the Effects of Yogasanas, Pranayamas, and TM {#sec1-3}
===========================================================================

\(a\) Rejuvenation/regeneration of cells of pancreas due to abdominal stretching during yoga exercise, which may increase utilization and metabolism of glucose in peripheral tissues, liver, and adipose tissues through enzymatic process.\[[@ref4][@ref5]\] (b) More active practices followed by relaxing ones lead to deeper relaxation than relaxing practices alone, documented by research from Swami Vivekananda yoga research foundation near Bangalore city and possibility of neuroplasticity bringing about changes in the hypo-pituitary--pancreatic axis.\[[@ref6]\] (c) Muscular relaxation, development and improved blood supply to muscles might enhance insulin receptor expression on muscles causing increased glucose uptake by muscles and thus reducing blood sugar.\[[@ref7]\] (d) The improvement in the lipid levels after yoga could be due to increased hepatic lipase and lipoprotein lipase at cellular level, which affects the metabolism of lipoprotein and thus increase uptake of triglycerides by adipose tissues.\[[@ref8][@ref9]\]

Yoga postures can lead to improvement in the sensitivity of the b-Cells of the pancreas to the glucose signal and also the improvement in insulin sensitivity in turn can be due to the cumulative effect of performing the postures.\[[@ref10]\]

Direct stimulation of the pancreas by the postures can rejuvenate its capacity to produce insulin.\[[@ref11]\] Regeneration of pancreatic beta cells could occur by yoga exercises that promote blood circulation in the region of the pancreas and yoga asanas that stimulate the meridian of pancreas also could assist in some diabetic patients.\[[@ref12]\]

Pranayama practices, stretches the lung tissue producing inhibitory signals from action of slowly adapting receptors and hyperpolarising currents. These inhibitory signals coming from cardiorespiratory region involving vagi are believed to synchronize neural elements in the brain leading to changes in the autonomic nervous system; and a resultant condition characterized by reduced metabolism and parasympathetic dominance.\[[@ref13]\]

Pranayama modified various inflatory and deflatory lung reflexes and interact with central neural element to bring new homeostasis in the body.\[[@ref2]\]

TM seems to influence through modifying activity of ascending reticular activating system and thereby also interact with autonomic centers in the brainstem thus affecting cardiorespiratory and metabolic parameters.\[[@ref14]\] Higher melatonin levels could be one mechanism through which the claimed health promoting effects of meditation occur.\[[@ref15]\]

Effects of Transcendental Meditation {#sec1-4}
====================================

In a study conducted to know the anatomical correlates of long-term meditation, researchers found significantly larger gray matter volumes in meditators in the right orbito-frontal cortex, right thalamus and left inferior temporal gyrus.\[[@ref16]\]

In a comparative study, the effects of sahaja yoga meditation on Electroencephalogram (EEG) in patients of major depression and healthy subjects found an increase in alpha activity in both the groups after 2 months practice of Sahaja yoga meditation.\[[@ref17]\] In another study cyclic meditation enhanced cognitive processing underlying generation of the P300.\[[@ref18]\]

A study involving Western meditators with 9.1 ± 7.1 years of meditation experience and practiced 6.2 ± 4.0 h per week demonstrated with structural changes using Kolmogorov--Smirnoff statistics (one-tailed, α-level *P* = 0.05), indicated significant differences in the 'distribution' of thickness between groups across both hemispheres in areas of the brain that are important for sensory, cognitive, and emotional processing.\[[@ref19]\]

A study conducted in Denmark observed higher gray matter density in lower brain stem regions of experienced meditators compared with age-matched nonmeditators and showed that long-term practitioners of meditation had structural differences in brainstem regions concerned with cardiorespiratory control.\[[@ref20]\]

Another study conducted in Germany involving eight Buddhist monks and nuns with 5 years (SD 2 years) training in meditation practices demonstrated that practicing meditation enhanced the speed with which attention can be allocated and relocated thus, increased the depth of information processing and reducing response latency.\[[@ref21]\]

A cross-sectional survey involving 347 responses demonstrated long-term Sahaja Yoga meditation practitioners experienced better quality of life (QOL) and functional health than the general population.\[[@ref22]\]

Studies at Harvard medical school found a decrease in oxygen consumption (on an average decrease of 17%) from a mean of 251.2 ml/min before meditation to 211.4 ml/ min during meditation. Minute ventilation decreased by about 1 L/min and respiratory rate decreased by about 3 breaths/min during meditation, though neither were statistically significant.\[[@ref14]\] The average heart rate decreased during meditation by 3 beats/min. The skin resistance increased markedly at the onset of meditation and decreased after meditation but maintained higher than before meditation.\[[@ref14]\] The most notable change in EEG pattern during TM was an increase in the alpha amplitude and regularity, with occasional slow alpha and low voltage theta. Alpha blocking to sound and light was present, and did not show habituation. Based on the EEG findings along with above variables, TM could also be described as a wakeful hypo-metabolic state.\[[@ref14]\]

Effects of Yoga {#sec1-5}
===============

Nervous system {#sec2-1}
--------------

In a study to assess the immediate effect of three yoga breathing techniques on performance of a letter-cancellation task, the authors reported that there were improved scores and fewer errors on letter cancellation task and suggested that yoga practice could bring improvement in the task which requires selective attention, concentration, visual scanning abilities, and a repetitive motor response.\[[@ref23]\] A study on performance of participants on mirror-tracing task found that yoga group had improved reversal ability, eye-hand co- ordination, speed and accuracy which were necessary for mirror star tracing.\[[@ref24]\] In another study conducted to assess changes in p300 following two yoga-based relaxation techniques reported a reduction in the peak latencies of P300 after yoga based relaxation technique and indicated that yogic meditation enhances cognitive processes underlying the generation of P300.\[[@ref18]\]

Left-sided unilateral forced nostril breathing led to right-hemisphere dominance and improved spatial skills while maneuver on opposite side showed left hemisphere dominance with improved verbal skills.\[[@ref25]\] Practicing asanas, pranayama, meditation, and tratakas (concentrated gazing practices), and attending devotional sessions for 10 days led to a significant improvement in fine coordinated movements.\[[@ref26]\] Yoga practices for a month not only led to a reduced degree of optical illusion created by muller-lyer lines and raised the critical fusion frequency but also improved neural performance, higher critical fusion frequency indicating reduced fatigue and stress level.\[[@ref27]\]

Respiratory system {#sec2-2}
------------------

In a randomized controlled trial (RCT) conducted on 57 adult subjects with mild or moderate bronchial asthma, there was a steady and progressive improvement in pulmonary functions, the change being statistically significant in case of forced expiratory volume in first second (FEV1) volume at 8 week, and peak expiratory flow rate at 2, 4, and 8 weeks as compared with the corresponding baseline value and also a significant reduction in exercise induced bronchoconstriction as well as in Asthma Quality of Life (AQOL) scores in the yoga group compared with control group.\[[@ref28]\]

A study with a quest whether yoga could reduce the basic problem in asthma (i.e., airway hyper responsiveness), showed improvement on subjective measures as well as airway hyper responsiveness to methacholine after sahaja yoga meditation.\[[@ref29]\]

In a setup of randomized, double-blind, crossover trial design there was a significant increase in the dose of histamine needed to provoke a 20% reduction in FEV1 during yoga breath, but not with the control.\[[@ref30]\] Yoga group, compared with control group, showed greater improvement in scores for drug treatment, peak flow rate, and decreased weekly attacks of asthma, following 2 weeks of yoga practice.\[[@ref31]\] Yogic exercise group showed maximum improvement in respiratory function when compared with that improved by national defense training.\[[@ref32]\]

In a RCT conducted at All India Institute of Medical Sciences, Delhi, India, showed that adding a comprehensive yoga-based mind-body intervention to the conventional treatment improved several measures of pulmonary function in subjects having mild to moderate bronchial asthma, a decrease in exercise-induced bronchoconstriction in the yoga group, particularly in the exercise-sensitive subjects. Yoga improved the QOL and reduced rescue medication use in bronchial asthma, and achieved the reduction earlier than conventional treatment alone.\[[@ref28]\]

Yoga training produced statistically significant (*P* \< 0.05) increase in FEV, FEV1, peak expiratory flow rate (PEFR) also increased significantly (*P* \< 0.01) after the yoga training. In contrast, the increase in these parameters in the control group were statistically not significant and demonstrated that yoga training for 6 months improved lung function, strength of inspiratory and expiratory muscles among school children aged 12--15 years. It is suggested that yoga be introduced at school level in order to improve physiological functions, overall health, and performance of students.\[[@ref33]\]

In a study conducted in United States of America involving 22 patients suffering from chronic obstructive pulmonary disease (COPD) subjected to selected yoga exercises including breathing exercises, meditation, and yoga postures for 1 h, thrice a week for 6 weeks showed statistically significant improvements (*P* \< 0.05) for the St. George Respiratory questionnaire \[95% confidence interval (CI) 43.13--58.47\], vital capacity (95% CI 2.53--7.65), maximal inspiratory pressure (95% CI 6.62--23.64), and maximal expiratory pressure (95% CI 1.63--13.81) thereby improved QOL and lung function on a short-term basis.\[[@ref34]\]

In another RCT conducted at Brazil, the elderly healthy population had improved respiratory function and sympathovagal balance after yoga respiratory exercises.\[[@ref35]\]

Cardiovascular system {#sec2-3}
---------------------

In a prospective cohort study involving thirty three subjects with (30%) and without (70%) established coronary artery disease (CAD) subjected to a course in yoga and meditation showed significant reductions in blood pressure, heart rate, and body mass index (BMI).\[[@ref36]\]

Another prospective, controlled, open trial including angiographically proved coronary artery disease patients showed yoga-based lifestyle modifications helped in regression of coronary lesions and in improving myocardial perfusion which was translated into clinical benefits and symptomatic improvement.\[[@ref37]\]

Six healthy Asian Indian men and women (18--22 years) who were trained in Surya namaskar (sun salutation) for over 2 years participated in the study showed that regular practice of Surya namaskar might maintain or improve cardiorespiratory fitness, as well as promote weight management.\[[@ref38]\]

An interventional study showed beneficial effects of short term (15 days) regular pranayama and meditation practice on cardiovascular functions (reduction in resting pulse rate, systolic blood pressure, diastolic blood pressure, and mean arterial blood pressure) irrespective of age, gender, and BMI in normal healthy individuals.\[[@ref39]\]

A study involving 50 healthy male subjects of 18--25 years age group, subjected to Mukh Bhastrika (yogic bellows), a type of pranayama breathing training for 12 weeks showed an increase in parasympathetic activity, that is, reduced basal heart rate, increase in valsalva ratio and deep breathing difference in heart rate; and reduction in sympathetic activity, that is, reduction in fall of systolic blood pressure on posture variation.\[[@ref40]\]

A study conducted in northern Mexico involving four middle-aged and nine older conventional hatha yoga (CHY) practicing females subjected to 11-week intensive hatha yoga (IHY) program consisting of 5 sessions/week for 90 min (55 sessions) demonstrated improved cardiovascular risk factors (namely maximal O2 consumption -VO~2max~ and high density lipoprotein cholesterol \[HDL-C\]) in middle-aged and older women.\[[@ref41]\]

In a parallel-arm RCT involving 67 sedentary office workers subjected to a 10-week, worksite-based yoga program delivered during lunch hour demonstrated improved resting heart rate variability (HRV) and related physical and psychological parameters.\[[@ref42]\]

Diabetes {#sec2-4}
--------

In an interventional research involving 98 subjects found fasting blood sugar (FBS), serum total cholesterol, low density lipoproteins (LDL), very low density lipoproteins (VLDL), the ratio of total cholesterol to HDL-C, and total triglycerides were significantly lower, and HDL-C significantly higher, on the last day of the course compared with the first day of the 8-days course.\[[@ref43]\]

A comparison of yoga practice with physical training showed that yoga practice for 6 months reduced fasting blood glucose, lipid levels, markers of oxidative stress, while physical training also decreased fasting blood glucose but had few of the other beneficial effects.\[[@ref44]\]

In a study, 44 type 2 diabetic patients were taught yoga (*n* = 22) and pranayama for three continuous months, 1 h every day in the morning by yoga expert had significant decrease in FBS, Postprandial blood sugar (PPBS), glycosylated hemoglobin (HbA1c), triglycerides and LDL of test group with *P* \< 0.001, compared with control group (*n* = 22). The requirement of insulin in the yoga group was also significantly reduced.\[[@ref45]\]

In a study involving 20 patients with type 2 diabetes mellitus were subjected to 40 days yoga routine by an expert yoga teacher. The postures performed were: Surya namaskar (sun salutation), Trikonasana (triangle pose), Tadasana (mountain pose), Padmasana (lotus pose), Bhastrika Pranayama (breathing exercise), Pashimottanasana (posterior stretch), Ardhmatsyendrasana (half spinal twist), Pawanmuktasana (joint freeing series), Bhujangasana (cobra pose), Vajrasana (thunderbolt pose), Dhanurasana (bow pose), and Shavasana (corpse pose). At the end of 40 days of performing the asanas, the study participants had a significant decrease in fasting glucose levels, waist-hip ratio and beneficial changes in insulin levels.\[[@ref46]\]

Obesity {#sec2-5}
-------

An observational study involving long-term yoga practitioners showed that a consistent, long-term Hatha yoga practice in a nonprobability sample of women over 45 years was linearly associated with declines in BMI even after correcting for nonyogic exercise hours and processed food consumption.\[[@ref47]\] In a study involving 16 postmenopausal women with more than 36% body fat divided into yoga exercise group and control group, yoga group showed improved adiponectin level, serum lipids, and metabolic syndrome risk factors in obese postmenopausal women.\[[@ref48]\]

A retrospective study involving 15,550 adults aged 53-57 years, found that regular yoga practice for 4 years or more was associated with attenuated weight gain, especially among people who were overweight.\[[@ref49]\] A week of intensive yoga course reduced the BMI as well as waist and hip circumference, decreased total cholesterol, improved posture, and stability.\[[@ref50]\]

In a RCT involving 23 adults, the yoga group subjected to a 3-month yoga intervention of twice weekly yoga sessions and the education group received health information every 2 weeks. At the end of the study, the yoga group showed improvements in weight, blood pressure and insulin, when compared with the education group.\[[@ref51]\]

In another RCT using a two-group, parallel design in individuals with coronary heart disease and the metabolic syndrome demonstrated significant difference in adjusted systolic blood pressure at the end of the study in the TM group versus the health education group (*P* = 0.04) and improved plasma glucose and insulin levels in the TM group versus the health education group at the conclusion of the study period (*P* = 0.01).\[[@ref52]\]

Arthritis {#sec2-6}
---------

A randomized controlled study to evaluate the efficacy of integrating hatha yoga therapy with therapeutic exercises for osteoarthritis (OA) showed that there were significant differences within (Wilcoxon\'s, *P* \< 0.001) and between the yoga and control groups (Mann--Whitney U, *P* \< 0.001) on all the studied variables, with better improvements in the yoga than the control groups.\[[@ref53]\]

In a pilot study involving 27 women with musculoskeletal problems such as OA subjected to undergo 8 sessions (twice weekly for 4 weeks) of a yoga program indicated that poststudy values of patients' gait parameters were found to be statistically higher than their pre- study values (*P* \< 0.05).\[[@ref54]\] There was a decrease in the rheumatoid factor levels along with less pain and better function following a week of yoga.\[[@ref55]\] Another pilot study involving 12 sessions of yoga for rheumatoid arthritis (RA) demonstrated statistically significant improvements in RA.\[[@ref56]\] Sixteen postmenopausal women with RA subjected to three 75- min yoga classes a week over a 10-week period showed a significant decrease in Health assessment Questionnaire disability index, perception of pain and depression, and improved balance.\[[@ref57]\]

Cancer {#sec2-7}
------

A new term, restorative yoga (This is a gentle, therapeutic style of Yoga that uses props to support the body to deepen the benefits of the poses. It is a soothing and nurturing practice that promotes the effects of conscious relaxation)\[[@ref58]\] has been used to describe a gentle form of yoga which help females with ovarian or breast cancer to reduce depression as well as anxiety state, and better mental health and overall QOL. There was also a decrease in fatigue.\[[@ref59]\] Yoga also helped patients with cancer to deal with distressful symptoms and treatment related toxicity of chemotherapy.\[[@ref60]\] Yoga could influence immune system, especially increasing the natural killer cells.\[[@ref61]\] Radiation causes DNA damage and yoga practice could reduce the damage.\[[@ref62]\] Increased survival time were obtained by the association between neuroimmunotherapy with melatonin plus IL-2 and kriya yoga program (2 years), which was significantly longer with respect to that achieved by supportive care alone, Yoga alone, or IL-2 plus melatonin alone (1 year).\[[@ref63]\]

Immunity {#sec2-8}
--------

A study carried out on 60 first-year MBBS students randomly assigned to yoga group and control group (30 each). The yoga group underwent integrated yoga practices for 35 min daily in the presence of trained yoga teacher for 12 weeks. Control group did not undergo any kind of yoga practice or stress management. It was observed that the serum IFN-γ levels decreased with examination stress. Decreased serum IFN-γ levels indicate decline in cellular immunity. The decrease in serum IFN-γ in yoga group was less significant compared with that in the control group which indicated a decline in cellular immunity with examination stress more among the control group than the yoga group students.\[[@ref64]\]

In another study, Yoga practice in patients suffering from pulmonary tuberculosis potentiated the body immunity and action of antitubercular drugs thereby improving sputum culture, radiography, Forced Vital Capacity (FVC), weight gain and symptoms.\[[@ref65]\] Yoga postures that twist and compress organs, help massage and rejuvenate immune organs. Kurmasana (tortoise pose) which supports the thymus gland could create specific benefits to improve immune function.\[[@ref66]\]

Conclusion {#sec1-6}
==========

The various avenues of study of yoga practices reviewed in the present article indicated considerable health benefits, including improved cognition, respiration, reduced cardiovascular risk, BMI, blood pressure, and diabetes mellitus. It also influenced immunity and ameliorated joint disorders.

Despite extensive searches, recent research articles in sighting the Physiological basis underlying the effects of yogasanas, pranayamas and TM were limited. Further researches exploring the effects of yoga on different organ systems would be invaluable.
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